To evaluate the effect of an internet-based educational intervention to increase knowledge of sexually transmitted infections (STIs), attitudes and self-efficacy toward consistent condom use in Mexican adolescents. A field trial with an intervention and control group was conducted in 14-to 15-year-old students in two secondary schools. The intervention was delivered via a website that included four educational sessions during a 4-week period and six 30-min class discussions during a 3-month period. In the control group, the investigators observed the general sex education provided by the school. Outcome variables were 1) knowledge about STIs, 2) attitudes regarding condom use, and 3) self-efficacy toward consistent condom use. Differences-indifferences (Diff-in-Diff) treatment effect was estimated for each outcome variable. There were 246 adolescents in the intervention group and 210 in the control group. The intervention had a positive effect on improving knowledge of STIs, attitudes and self-efficacy toward consistent condom use. The major effect was observed on adolescents' knowledge on STIs (Diff-in-Diff 30.34 points, P < 0.0001). A youth-friendly, culturally-contextualized, internet-based educational intervention complemented by class discussions may be a significant addition to the regular secondary school sex education program to improve knowledge of STIs, attitudes and selfefficacy toward consistent condom use among adolescents.
Introduction
Early pregnancy and unsafe sex are a threat worldwide to adolescent health and wellbeing [1] . From 1990 to 2013, unsafe sex as a risk factor for disability adjusted life years increased from 13 th to 2 nd place among 15-to 19-year-olds. Maternal disorders and HIV/AIDS were the leading causes of death among teenagers [1] . The likelihood of these adverse conditions is higher for adolescents living in socioeconomically disadvantaged neighbourhoods [2] . Religious, cultural beliefs on gender roles and other cultural factors also affect youth's risky sexual behaviour [3] . In Mexico, sexual health remains an unmet need for adolescents. The 2014 National Survey on Demographic Dynamics reported that 44.9% of sexually active 15-to 19-year olds did not use a condom or contraceptive during their first sexual intercourse [4] . In this age group there were 77 births/1000; 83.9% of hospitalizations were related to pregnancy, childbirth or its complications [5] . Sexually transmitted infections (STIs) are highly prevalent among teenagers. The most common infection is urogenital candidiasis (incidence rate 207/ 100 000) followed by human papillomaviruses (HPV) and syphilis (11.48 and 5.72/100 000, respectively) [6] . HIV/AIDS is the fourth leading cause of death among 15-to 29-year-old Mexican males [7] . High adolescent morbidity and mortality due to early pregnancy and childbirth complications along with STIs are preventable threats that prompt implementation of innovative interventions to increase knowledge and promote preventive behavioural changes [1] .
Adolescents use the internet and other digital technologies as an extensive source of sexual information [8] although the internet is not yet at the forefront of educational interventions to promote sexual health among adolescents [9] . Studies from developed countries report that sexual health promotion delivered to young people via digital media has a positive effect on sexual health knowledge, selfefficacy, and sexual behaviour [9, 10] . Digitally mediated delivery of information also provides standardization of content and reduces utilization of infrastructure, human resources and costs [11] . However, evidence from developing countries like Mexico on the effectiveness of internet-based interventions to prevent risky sexual behaviours is scarce [12] [13] [14] [15] [16] . Most studies focused on HIV education.
In Mexico, the Health Secretariat provides information on sexual health and reproductive health services. Access and coverage of these services are limited for adolescents. The responsibilities of the Secretary of Education include sexual education; nonetheless, textbooks present theoretical-descriptive standardized guides that lack comprehensive, youth-friendly and interactive materials on prevention of risky sexual behaviors and does not address cultural beliefs (e.g. machismo and marianismo that legitimizes men's dominant position and justifies women subordination).
Therefore, a need exists for evidence on the effect of culturally contextualized internet-based strategies especially for disadvantaged poor youth. The purpose of the current study was to evaluate the effect of an internet-based educational intervention to increase knowledge of STIs, attitudes and selfefficacy toward consistent condom use in Mexican adolescents.
Materials and methods
From January to June 2016, we conducted a field trial including intervention (T) and control (C) groups with ex-ante and ex-post evaluations in two public secondary schools in Mexico City from the most socioeconomically disadvantaged neighborhoods.
The intervention was conducted in one school and the other school served as a control group. In both schools, teenagers received the mandatory sex education according to the curriculum of the Secretary of Public Education. Both schools were in the Iztapalapa Delegation that has the highest poverty rate in the city. Its inhabitants do not have enough access to food, basic services, healthcare, and social security. Per capita income is not sufficient to satisfy the basic needs [17] . The schools and allocation of the intervention were selected through simple random sampling from the list of 84 public secondary schools in Iztapalapa. The study population consisted of adolescents between 14 and 15 years of age.
The information À motivation À behavioral skills (IMB) model proposed by Fisher and Fisher [18] served as the conceptual framework for the intervention and educational materials. The IMB model explains the determinants of sexually related behaviors potentially sensitive to change such as (1) behaviorrelated information and knowledge, (2) beliefs and attitudes towards a particular health behavior and perceived social support and (3) self-efficacy and skills to negotiate preventive behaviors.
The main topics of the educational materials were dating, courtship, sexual relationship, clarification of misconceptions and myths about gender-roles and sexual relationships, partner abuse, STIs, early pregnancy, self-esteem, safe sex, use of male and female condoms and examples for condom negotiation. All internet-based educational materials were displayed by two central characters (teenage boy and girl) who presented the information through an informal dialogue about their experiences and S. V. Doubova et al.
those of their friends. We created these characters by using "avatars" (www.bitstrips.com), which are comics for teenagers. The educational materials aimed at enabling adolescents to identify themselves with the central characters and actively engage in the learning process. For example, in the final session the characters involved teens in practicing condom negotiation in different situations (e.g. at first intercourse, when having sex with a stable or casual partner, etc.). For example, Eric: 'Oh, condoms ruin the pleasant sexual environment.' Ana: 'That's not going to happen. To the contrary, we can both relax if we are not worried about getting pregnant or infected. Also, the condom helps to prevent premature ejaculation and gives us more pleasure.' At the end of this session, adolescents were invited to create their comics about how to negotiate using a condom with their partner.
Further details about the design, pilot testing of the educational materials and study methods including assumptions for sample size have been published elsewhere [19] .
The research team presented the project to parents, students, and teachers during meetings in both schools. Parents and teenagers who accepted the invitation were asked to sign informed consent. Teenagers were then invited to answer the internet-based self-applied questionnaire. T-group participants were then encouraged to study each of the four weekly 1-h internet-based educational sessions. Each participant had personal access to the study website. Internet sessions were followed by a 3-month follow-up period including six 30-min class discussions aimed at encouraging participants to examine educational sessions and answer their questions. A psychologist member of the research team conducted these sessions. Also, teachers motivated students through in-class reminders, emphasizing the importance of their participation.
To collect information on study variables, participants from both groups answered internet-based self-applied questionnaires at study entry (baseline), at the end of the four educational sessions (1st month), and at the end of the follow-up period (fourth month).
Outcome variables were:
(1) Knowledge of sexually transmitted infections was measured using a 23-item scale with a response format 'true,' 'false,' and 'I don't know' validated in Mexican adolescents [20] . The sum of correct answers divided by 23 and multiplied by 100 results in the total knowledge score, ranging from 0 (no knowledge) to 100 (high knowledge Internet education to prevent sexual risk behavior conditions were (1) when he/she has been drinking or using drugs, (2) when you have been drinking or using drugs, (3) when he/ she is very sexually excited, (4) when you are very sexually excited, and (5) 
Statistical analysis
Comparisons of the study variables between T-and C-groups at baseline and 1 st and 4 th months were performed with the chi-square test for categorical variables and Student t test for independent samples for continuous variables.
Differences in outcome variables between T-and C-groups were compared using the differences-indifferences (Diff-in-Diff) estimator. We used Stata 14 'diff' command to estimate the difference in outcome variables between T-and C-group at baseline and follow-up evaluations (Diff T-C) and Diff-inDiff treatment effects and to control both estimates (Diff T-C and Diff-in-Diff) by the study covariates [25] . Covariates we controlled for were reported at baseline: gender; alcohol, tobacco and marijuana consumption; living with both or only one parent or guardian; education and working status of the mother or legal guardian; parental communication; adolescents' school performance; report of first intercourse, and social desirability score. We also controlled Diff T-C and Diff-in-Diff for additional S. V. Doubova et al.
mass media information on adolescent risky sexual behaviors during the study.
The analysis was performed according to the intention-to-treat approach. Missing measurements due to a participant's withdrawal from the study were replaced with the most recent observations; P < 0.05 was considered statistically significant. The analysis was performed using Stata v.14.0 statistical software (Stata Corp; College Station, TX).
Results
Figure 1 depicts the flow of participants throughout the study. There were 383 students in the T-group and 450 in the C-group who attended the third year of secondary school. Of these populations, 65% of students in the T-group and 47.3% in the C-group participated. The main reasons for refusing participation were students knew about the topic or lack of time to participate. Comparative analysis between those who refused to participate and those who participated revealed that, in both schools, students in the first group had lower school performance (T-group: non-participants 7.07 and participants 7.88 points, P < 0.0001; C-group: nonparticipants 7.91 and participants 8.30, P < 0.0001).
Of those who agreed to participate, three in the T-group and three in the C-group ($1.4%) did not answer the baseline evaluation. Furthermore, two boys (0.8%) in the T-group and three boys and five girls (3.8%) in the C-group abandoned the study. In both groups, study abandonment was secondary to school dropout and unrelated to pregnancy.
Adolescent baseline characteristics
There were no statistically significant differences regarding gender, substance use, family characteristics and social desirability score between groups. More than half were girls (T ¼ 52.8%, C ¼ 57.6%) and <10% reported consuming tobacco or alcohol weekly or daily or using marijuana. One-third lived with one parent (mother or father), most had brothers or sisters (>70%) and a working mother (T ¼ 66.7%, C ¼ 67.6%) who completed secondary or high school. C-group participants reported greater parental communication about sexual relationships and higher average school performance than the Tgroup (Table I) .
Baseline knowledge of STIs, attitudes and self-efficacy toward consistent condom use and history of sexual relationships
In comparison with the C-group, those in the T-group had the lowest knowledge of STIs (mean T ¼ 51.8 vs. C ¼ 58.5 points, P < 0.0001), less positive attitudes regarding condom use in the domains of pleasure associated with condom use (T ¼ 4.83 vs. C ¼ 5.13 points, P < 0.0001), stigma attached to condom use (T ¼ 5.77 points vs. C ¼ 6.10 points, P ¼ 0.002), embarrassment related to negotiation and use of a condom (T ¼ 4.50 vs. C ¼ 4.81 points, P ¼ 0.002), and embarrassment related to condom purchase (T ¼ 4.37 vs. C ¼ 4.79 points, P ¼ 0.002). Also, those in the T-group had lower self-efficacy toward consistent condom use when their partner had been drinking or using drugs (T ¼ 6.24 vs. C ¼ 7.04 points, P ¼ 0.022) and when their partner disliked using a condom (T ¼ 6.06 vs. C ¼ 7.02 points, P ¼ 0.006). There were no statistically significant differences according to other self-efficacy variables between groups (Table II) .
Furthermore, 15% in the T-group and 10.5% in the C-group reported having their first intercourse at the average age of 13.8 years and $60% used a condom. Those who were sexually active (41.7% in the T-group and 50% in the C-group) reported having sexual intercourse in the last 3 months and 60% in the T-group and 54.5% in the C-group always used a condom (P > 0.05). Also, 52.8% in the T-group and 38.6% in the C-group reported having a boyfriend/girlfriend; however, the mean communication with boyfriend/girlfriend about the sexual relationship and risky sexual behaviors was low (T ¼ 10.1 vs. C ¼ 11.9, P > 0.05).
Adolescents' opinion about the internetbased educational sessions
In both schools, teachers motivated student participation; consequently, all T-group participants Internet education to prevent sexual risk behavior attended all sessions. More than half of the participants had a positive response to the educational sessions, whereas <10% did not. The most frequent positive opinions were new valuable information, session was entertaining, and information was well explained. Between 4.0% and 8.9% recommended using an audiovisual presentation of sessions instead of the current format. There were also negative opinions such as very long session and uncomfortable/explicit information (Table III) .
Many participants reported receiving additional mass media information (television, radio, leaflets, and internet): on STIs (T ¼ 64.2% vs. C ¼ 80.5%, P ¼ 0.001), pregnancy (T ¼ 67.5% vs. C ¼ 76.2%, P ¼ 0.001), and condom use (T ¼ 56.9% vs. C ¼ 70.5%, P ¼ 0.001). C-group reported the S. V. Doubova et al.
highest percentages. Wikipedia was the website primarily used by adolescents during the study.
Effect of the intervention
Baseline evaluations of Diff T-C controlled by the participants' baseline characteristics confirmed the results of the bivariate analysis in Table I . Regarding Diff T-C at the first month, a statistically significant difference was observed in participants' knowledge on STIs (4.70 points, P < 0.0001). There were no differences in other outcome variables. At the fourth month (after class discussions on the educational sessions), the significant Diff T-C in favor of the T-group was observed for all outcome variables except embarrassment related to condom purchase. Analysis of Diff-in-Diff treatment effect between T-and C-groups for knowledge of STIs revealed 9.12 (P < 0.0001) and 30.34 points (P < 0.0001) improvement during the first and fourth months, respectively. Regarding attitudes concerning condom use, Diff-in-Diff treatment effect between T-and Cgroups was not significant at the first month evaluation; however, at the fourth month we found statistically significant improvements in positive attitudes regarding condom use for all domains: reliability and effectiveness of condoms (0.65 points, P < 0.0001), pleasure associated with condom use Internet education to prevent sexual risk behavior (0.66 points, P < 0.0001), stigma attached to condom use (0.47 points, P < 0.0001), embarrassment related to negotiation and use of a condom (0.75 points, P < 0.0001), and embarrassment related to condom purchase (0.59 points, P < 0.0001). The same tendency was observed regarding self-efficacy toward consistent condom use. There was no statistically significant Diff-in-Diff treatment effect between T-and C-groups at the first month evaluation; however, the fourth month evaluation showed a statistically significant improvement in self-efficacy use for all except one domain. There was no statistically significant Diffin-Diff treatment effect between T-and C-groups at the fourth month about the certainty to postpone sex when not having a condom. Improvement in other domains varied from 0.64 (P < 0.0001) for certainty about condom use whenever having vaginal sex to 1.70 (P < 0.0001) for certainty to always using a condom for vaginal sex when the partner had been drinking or using drugs (Table IV) . Twenty-one adolescents (8.5%) in the T-group and 25 (11.9%) in the C-group reported having their first intercourse during the study. Of these, 71.4% in the T-group and 72% in the C-group reported using a condom during the first intercourse as well as consistent subsequent condom use (data not shown). .7) 11.9 (10.9) NS: not significant (P > 0.05).
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We also analysed the effect of the intervention on communication with boyfriend/girlfriend about the sexual relationship and risky sexual behaviors; however, Diff-in-Diff treatment effect for this variable between T-and C-groups was not significant.
Discussion
The primary results of the study show that this internet-based educational intervention complemented by class discussions had a positive effect on improving adolescents' knowledge of STIs, attitudes and self-efficacy toward consistent condom use. These findings add valuable information to the still limited evidence from developing countries.
In the T-group, the average knowledge of STIs increased 30 points compared to the C-group. Knowledge of STIs and its prevention is a prerequisite for adopting positive health behaviors [26] . Multiple studies reported lack of knowledge on STIs among adolescents [27, 28] . The 2011 review of European studies on adolescents' knowledge on STIs revealed a broad range in the degree of knowledge [27] . The highest knowledge was reported for HIV/AIDS and the lowest for HPV, chlamydia, and herpes. Latin America lacks studies on this topic. In Mexico, the 2012 National Health and Nutrition Survey reported that only half of adolescents had some knowledge about HIV symptoms, transmission, and prevention [29] . A study by RoblesMontijo and Diaz-Loving that evaluated STIs knowledge of young Mexicans obtained similar results to our baseline evaluation; their average total knowledge score was 53.5 points [20] . Sex education is important for STI prevention from early adolescence; yet, previous studies show that knowledge does not always translate into behavioral change [30] .
Increase in positive attitudes and self-efficacy toward consistent condom use was observed more often in the T-group. Attitudes [31] [32] [33] [34] and self-efficacy [35] [36] [37] are strong determinants of condom use. Consequently, changes in self-efficacy and attitudes towards condoms are important mechanisms for behavioral change [30, 38] . Also, persons with high self-efficacy toward condom use are more likely to carry condoms with them and negotiate condom use [39] .
We also observed that the percentage of adolescents who reported having first intercourse during the study was lower in the T-group (8.5%) than in the C-group (11.9%). However, this difference was not statistically significant because of the low number of those who initiated sexual activity. Internet education to prevent sexual risk behavior
The important features of the present intervention were the design and implementation of a culturally contextualized, youth-friendly, comprehensive, internet-based education strategy focused on 14-to 15-year-old boys and girls from poor neighborhoods. An expert-group developed the educational materials, which were tested in a group of adolescents before its implementation [19] . The cultural content included discussion on the misconceptions, beliefs and myths about gender-roles and sexual relationships and used the language preferred by youth. The materials included information usually absent in official textbooks, as strategies for condom negotiation and positive attitudes towards buying, carrying and using condoms consistently. We focused on early adolescents and both genders; as previous studies emphasized the importance of sex education before sexual debut [38, 40] and as both genders have high prevalence of risky sexual behaviors. Finally, the Internet was an important vehicle to deliver the intervention since teens use it widely. Consequently, more than half of participants reported that they liked the educational sessions, because it was novel, useful and entertaining. Sessions three and four achieved the highest rating as they had more new and practical information that the standard curriculum did not address.
Our findings are like other internet-based interventions. A systematic review of ten studies on this subject reported that most interventions significantly influenced self-efficacy for abstinence and condom use and increased the participant's knowledge about HIV and sexually transmitted infections [10] .
Some limitations should be presented. First, the study design was a nonrandomized trial; consequently, differences in baseline evaluation between * P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001; Diff (T-C) and Diff-in-Diff estimator controlled for covariates (gender, consumption of alcohol, tobacco and marijuana; living with both or only one parent, or legal guardian; schooling and working status of the mother or legal guardian in her absence, parental communication, adolescents' school performance, report on having history of first intercourse about sexual relationship, social desirability score) and for the additional mass media information on risky sexual behaviors that teens had during the study.
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groups were observed. The T-group had lower scores on parental communication, school performance and knowledge, and attitudes about STIs. Because of these differences, the T-group could have had more to gain from the intervention than those in the C-group, as their motivation to learn could have been higher. Therefore, we used Diffin-Diff estimator to control for participants' baseline characteristics to reach unbiased results. Second, outcome variables were assessed through an internet-based self-applied questionnaire; therefore, the possibility of 'social desirability bias' exists. For this reason, we measured and statistically controlled study results for social desirability. This variable was not statistically significant when we performed Diff-in-Diff estimation.
Third, due to financial restrictions we did not extensively follow participants to evaluate the longterm intervention effect. Also, we could not include more schools in the study to have sufficient sample size for evaluating actual condom use because the prevalence of sexually active adolescents was low at 14-to 15-years of age.
Finally, our intervention was primarily focused on adolescents' knowledge on consequences and prevention strategies of risky sexual behaviors as well as building positive attitudes and self-efficacy toward consistent condom use. However, other important determinants exist as availability/accessibility of condoms, subjective social norms against early sexual teen-parent communication, physical layout of the neighborhood (e.g. neighborhood poverty, unsafe recreational spaces, etc.) that should be addressed by the government and community [2] .
Conclusion
The culturally contextualized, youth-friendly, internet-based educational intervention complemented by class discussions may be a valuable addition to the regular secondary school sex education to improve adolescents' knowledge of STIs, attitudes and self-efficacy toward consistent condom use.
